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CLEANING METHOD

Field of the Invention

[001] The present invention relates to methods and apparatuses for cleaning components

for use in an ultra-high vacuum (UHV).

Background

[002] When surfaces are placed under vacuum, gas evolves from their surfaces. The
generation of gas by this process is known as outgassing. Outgassing becomes a
progressively significant proportion of the total gas load once a chamber is roughed down
to below 0.1 mbar. For ultra-high vacuum systems (10”7 mbar or less), outgassing is the

most important factor influencing degassing and the time to ultimate pressure.

[003] Outgassing can be reduced by eliminating elastomer, hydrocarbon oil and greases
from the vacuum pumps; avoiding other materials known to have poor outgassing
performance, such as mild steel or porous surfaces; baking components under vacuum; and

using clean-room techniques to avoid contamination.

[004] Even employing such approaches, hydrocarbon contamination can still occur.
Without being bound by theory, it is believed that the unwanted hydrocarbons may be
introduced during casting and machining of metallic components (e.g. cutting fluids).
Currently solvents are used to reduce hydrocarbon contamination; however, it is currently
impossible to eliminate such contamination completely by such an approach. Thus, UHV
apparatus manufacturers or users may have to run vacuum pumps for 72 hours or more
before they can reach ultimate pressure. Such delays are costly and inconvenient.
Moreover, any residual hydrocarbon contamination can be particularly problematic in
specific UHV applications, such as mass spectrometry, where their presence may ruin

equipment or provide false results.
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[005] There is therefore a need for improved methods and apparatus for cleaning ultra-

high vacuum components that address these and other problems with the prior art.

Summary of the Invention
[006] Accordingly, in a first aspect, the invention provides a method for cleaning a
component for use in an ultra-high vacuum and, in particular, a component or components

of an ultra-high vacuum pump.

[007] The method may comprise the steps of placing the component to be cleaned in a
vacuum furnace chamber; plasma cleaning the component at a temperature of greater than
about 80 °C, preferably from about 80°C to about 125 °C, more preferably from about 100
°C to about 120°C; and evacuating the chamber to a pressure of less than about 10E-5 mbar,

preferably less than 10E-6 mbar.

[008] In embodiments, the method may include the step of evacuating the chamber to a
pressure of less than about 10E-5 mbar, preferably to 10E-6 mbar or less, before the plasma
cleaning step commences, preferably the chamber is evacuated to such an extent both
before and after the plasma cleaning step. An initial evacuation step is advantageous
because it ensures that the plasma forming gas is not significantly contaminated by

atmospheric gasses.

[009] Method steps will typically be performed sequentially within a single vacuum
furnace. Preferably, the vacuum furnace will itself be located within a clean room.

Typically, the samples may not leave the vacuum furnace until the method is complete.

[0010] When the plasma cleaning step is finished the elevated temperature of the
component (c.g. at least 80 °C) results in accelerated outgassing therefrom. Accordingly, it
is advantageous to evacuate the chamber to an ultimate pressure (e.g. 10E-6 mbar or below)
before the parts are cooled. Additionally, or alternatively, the component may be held at
the ultimate pressure of the vacuum furnace for an extended period of outgassing and
cooling. In embodiments, this may take from about 2 to about 4 hours depending on the

size of the components.
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[0011] Additionally, or alternatively, the method may further comprise repeatedly plasma
cleaning and evacuating the chamber, typically from about 5 to about 25 cycles may be
performed, more preferably from about 8 to 12 cycles. One example is 10 cycles. The
number of cycles that are performed determines the cleanliness of the component.
Therefore, the use of the component may determine the number of cycles employed. For
instance, if a user requires a component that is substantially free from hydrocarbon
contamination for use in a vacuum with an ultimate pressure of approximately 10E-6 mbar,
then only one cycle may be employed. Alternatively, if the user requires a component
suitable for use in a vacuum pump capable of an ultimate pressure of 10E-11 mbar, then 10
cycles may be employed, with each cycle including 2 hours or more of outgassing and slow
cooling at the ultimate pressure of the. Components treated using the latter method are both

substantially hydrocarbon-free and very well degassed.

[0012] Treating components according to the method of the invention has been found to
significantly reduce hydrocarbon contamination and allow ultra-high vacuums to reach
ultimate pressure significantly more quickly, compared to when untreated components are

employed.

[0013] For the purpose of the invention, component includes the plural components.
Typically, the component will be a component that is exposed to an ultra-high vacuum
when in use, or is used in generating an ultra-high vacuum, including components of the
vacuum chamber, vacuum pump, and/or vacuum gauge of an ultra-high vacuum assembly.
Vacuum assembly components may be selected from the group consisting of stators, rotors,
bladed discs, distance rings, bodies, envelopes, ports, and the like. Additionally, or
alternatively, the component may be a component intended for use within an ultra-high
vacuum. Components intended for use in a vacuum assembly may be selected from the
group consisting of piping, headers, chambers; valves, and the like. Typically, the
component will be metallic, for instance a titanium alloy, aluminium alloy, or a stainless

steel.
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[0014] Further, the method may include a pre-cleaning step in which the component is
cleaned with a solvent before it is placed in the vacuum furnace. Advantageously, this
removes any dust and/or the bulk of any contaminants from the manufacturing process,
such as cutting fluids, and leaves only a very thin film (one or two molecular layers) of

remains on the surface.

[0015] Plasma cleaning has its normal meaning. That is to say, the removal of impurities
and contaminants from a surface through the exposure of that surface to a plasma created
from gaseous species. In the plasma cleaning step, typically, the gas used to form the plasma
enters the chamber. Typically, the gas is selected from the group consisting of oxygen, air,
nitrogen, helium and argon. Oxygen is particularly preferred because it and the oxygen
species created in the plasma are effective in the breaking of most organic bonds (e.g. C—-
H, C-C, C=C, C-0, and C-N) of hydrocarbon contaminants, and in particular breaking
apart high molecular weight contaminants. The oxygen species formed in the plasma react
with organic contaminants to form products including H20, CO, COz2, and lower molecular

weight hydrocarbons.

[0016] Typically, the plasma generator provides a voltage frequency of from about 1 kHz
to about 50 kHz, preferably from about 20 kHz to about 40 kHz.

[0017] The products of the plasma cleaning may be removed constantly throughout the
plasma cleaning step and/or are evacuated from the chamber during the evacuation step. If

the component comprises an easily oxidised material, then helium or argon may be used.

[0018] Typically, the gas used to form the plasma (i.e. the working gas) is introduced to a
pressure of from about 0.1 mbar to about 1 mbar, preferably about 0.5 mbar. Typically, the
gas is introduced at flow rate of less than about 100 sccm, preferably less than about 50
scem, preferably from about 5 scem to about 20 scem, preferably about 10 scem . The flow
rate and pressure may be maintained throughout the plasma cleaning with the vacuum pump
removing gas from the chamber, including the products of the plasma cleaning. For the

avoidance of doubt, sccm is Standard Cubic Centimetres per Minute.
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[0019] Unless otherwise stated, measurements are made at standard temperature and
pressure (STP) as a temperature of 273.15 °K (0 °C, 32 °F) and an absolute pressure of
exactly 100 kPa (1 bar).

[0020] Typically, the vacuum furnace chamber has a volume of from about 200 litres to
about 1000 litres, preferably from about 250 litres to about 500 litres, preferably about 300
litres. Chambers of this size are advantageous because they allow the batch cleaning of
multiple components, and allow the plasma and reaction products to flow easily throughout
the chamber. It will however be appreciated that significantly smaller or larger chambers

could be used without departing from the invention.

[0021] Additionally, or alternatively, the vacuum furnace chamber is equipped with a pump
that can maintain a pressure of less than about 10E-6 mbar, more preferably less than about
10E-7 mbar. The pump may be any suitable vacuum pump, including a turbomolecular
pump. Preferably the vacuum furnace chamber is leak-tight to a pressure of less than about

10E-8 mbar.

[0022] Typically, the evacuation step is followed by a cooling step in which the component
and/or vacuum furnace chamber is cooled and dry nitrogen is introduced into the vacuum
furnace chamber, typically the nitrogen is introduced into the chamber before the chamber
temperature drops below about 50 °C. Purging the vacuum furnace chamber with nitrogen
advantageously maintains a dry atmosphere, preventing condensation and avoiding vapour
mists from forming. Typically, the component may be removed from the vacuum furnace

chamber once it is at ambient temperature (¢.g. about 20 °C)

[0023] Additionally, or alternatively, when the process includes multiple plasma cleaning
cycles, a plasma cleaning step of a subsequent cycle may be started before the temperature
has cooled below 50 °C, thereby avoiding the need for purging the vacuum furnace with

nitrogen between each cycle.

[0024] In embodiments, the vacuum furnace chamber includes both means for heating and

cooling the component so that the temperature can be maintained at or below 125 °C during
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each step of the process. Above 125 °C aluminium components may degrade and without
means for cooling the component the temperature could rise above this temperature during
the plasma cleaning. Suitable heating means may be selected from the group consisting of
plasma heating, or radiation heating from the chamber surface. Additionally, or
alternatively, suitable cooling means may be selected from the group consisting of shelf

cooling (e.g. by a closed oil circuit) or purge gas flow through the vacuum furnace chamber.

[0025] Typically, the method will be automated. That is to say, the method will include a
predetermined number of plasma cleaning and evacuation steps (for instance 10), and/or
the length of the plasma cleaning and/or evacuation steps is predetermined. The required
number and length of steps can be determined by routine experiments measuring the
amount of organic matter present in the evacuated gasses and/or the time taken to reach the
cleaned-component-containing vacuum’s ultimate pressure. The method is typically used

to clean unused components before their first use.

[0026] Typically, the plasma cleaning lasts less than about 1 hour, preferably less than
about 45 minutes, more preferably from about 15 minutes to about 35 minutes. The
cleaning method may last, in total, less than about 1 hour from start to finish, preferably

less than about 45 minutes, more preferably from about 15 minutes to about 40 minutes.

[0027] In further aspect, the invention provides a vacuum furnace for cleaning a component
for use in an ultra-high vacuum, the vacuum furnace comprising a vacuum chamber
comprising a vacuum pump configured to maintain a pressure of less than about 10E-6
mbar and a plasma generator. Preferably the vacuum furnace is configured to maintain the
component to be cleaned at a temperature of greater than about 80 °C, preferably from
about 80 °C to about 125°C , whilst the component is exposed to a plasma generated in the

chamber.

[0028] The vacuum furnace may be configured to switch between a plasma cleaning phase
in which the component to be cleaned is exposed to a plasma and a second evacuation phase
in which the vacuum pump lowers the pressure in the chamber, preferably to a pressure of

less than about 10E-6 mbar.
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[0029] The chamber may contain an oxygen, air, nitrogen, helium, or argon plasma,

preferably an oxygen plasma.

[0030] The vacuum furnace chamber may have a volume of greater than 200 litres,
preferably from about 200 litres to about 1000 litres, preferably from about 250 litres to
about 400 litres.

[0031] In a further aspect, the invention provides a kit for assembling into a vacuum pump,
the kit comprising a plurality of unassembled unused vacuum pump components wherein
one or more of said components has been cleaned according to a method of the invention.
Such kits advantageously allow the assembly of a vacuum pump that is substantially free
from hydrocarbon contaminants and may be able to reach its ultimate pressure in a

significantly reduced time compared to an otherwise cleaned pump.

[0032] The invention further provides, the use of a plasma to clean a component of a
vacuum in a vacuum furnace at a temperature of greater than about 80 °C, preferably from

about 80 °C to about 125 °C.

[0033] In further aspect the invention provides an ultra-high vacuum assembly wherein
upon its first use the assembly’s ultimate pressure is achieved in less than 48 hours.
Typically, the ultra-high vacuum assembly has an ultimate pressure of about 10E—7 mbar
or less, preferably 10E-8 mbar or less, preferably from about 10E-7 mbar to about 10E-11

mbar.

[0034] In a further aspect the invention provides an ultra-high vacuum assembly wherein
upon its first use the partial pressure of CsH7 is less than 1.00E-11 Torr after less than 30
minutes. Typically as measured on a residual gas analysers (RGA) [e.g. Hiden Analytical
HAL201] with an ultra-high vacuum of 10E-8mbar obtained. Preferably, wherein upon its
first use the partial pressure of AMUSS (C4H7) at 2 hours is less than about 1.00E-12 Torr.



10

15

20

25

30

WO 2018/146312 PCT/EP2018/053449

[0035] Additionally, or alternatively, the invention provides an ultra-high vacuum pump
wherein upon its first use the partial pressure of AMUSS (CsH?7) at 4 hours is less than about
1.00E-13 Torr, preferably 1.00E-14 Torr or less.

Brief Description of the Figures

[0036] Preferred features of the present invention will now be described, by way of

example, with reference to the accompanying figures, in which:

Fig. 1 discloses a vacuum furnace according to the invention.

Fig. 2 discloses a vacuum furnace according to the invention.

Fig. 3 provides a comparison between a sample treated according to the invention and an

untreated sample.

Fig. 4 provides a further comparison between a sample treated according to the invention

and an untreated sample.

Detailed Description of the Invention

[0037] The present invention provides a method for cleaning a component for use in an
ultra-high vacuum. The method comprises the steps of placing the component to be cleaned
in a vacuum furnace chamber; plasma cleaning the component at a temperature of greater
than about 80 °C, preferably from about 80 °C to about 125 °C; and evacuating the chamber
to a pressure of less than about 10E-5 mbar, preferably less than about 10E-06 mbar. The

invention further provides a vacuum furnace for use in the method.

[0038] For the purpose of the invention a vacuum furnace is a temperature controlled
vacuum chamber. As discussed elsewhere in the application, the chamber may include both
heating and cooling clements so that the chamber and/or component to be cleaned can be

maintained at a predetermined temperature or within a predetermined temperature range.
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Heating is typically provided by the plasma itself, whereas cooling is, typically, used at the
end of the process to facilitate removing the parts from the vacuum furnace. The
temperature of the vacuum furnace chamber may be monitored by a probe with an
exchangeable radiation absorber, whereas each rig within the chamber that holds a
component may also have their temperature monitored by optical cable. Typically, heating
will be automatically stopped when a desired temperature is reached. The chamber surface

may also be monitored by separate temperature probe.

[0039] Figures 1 and 2 show front and rear views of two vacuum furnaces (1, 2) according
to the invention. The vacuum furnaces (1, 2) are located in a clean room. Each vacuum
furnace includes a vacuum chamber (3, 4), a turbomolecular pump (5, 6), and a plasma
generator (7, 8). A rotary pump (9) is connected to the turbomolecular pump (6) for quickly
pumping down the chamber (4) to a rough vacuum during evacuation steps before the
chamber (4) is evacuated to ultra-vacuum pressures. Suitable turbomolecular pumps are
available from Edwards Vacuums™., Suitable vacuum furnaces are available from
Termobit™, The vacuum furnace further comprises a temperature probe for monitoring the
temperature within the chamber, and heating and cooling clements (not shown) for
controlling the temperature within the vacuum furnace, in particular during the plasma

cleaning step.

[0040] The illustrated vacuum chambers further comprise observation windows (10, 11)
for viewing the content of the chambers (3, 4) during the process of the invention. The
second vacuum furnace (2) contains a shelving unit (12) onto which components are placed
for cleaning. The vacuum chambers (3, 4) are leak-tight to a pressure of less than about
10E-8 mbar.

[0041] The illustrated vacuum furnaces further comprise displays (13, 14) for controlling
the vacuum furnaces (1, 2) and/or indicating the progress of the vacuum furnace (1, 2)
during the cleaning process. Typically, the vacuum furnace (1, 2) performs the cleaning
process automatically with each step being performed for a predetermined length of time
in predetermined sequence. Typically, the user will make a single “start” input to initiate

the process. The vacuum furnace will then perform the cleaning process and indicate to the
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user by a visual and/or audible signal that the process is complete. The cleaned components
may then be employed in an ultra-high vacuum. The length and sequence of steps required
to clean specific components adequately can be determined by experimentation and may
vary depending upon plasma power and flow, temperature, evacuation pressure, the initial

amount of hydrocarbon contamination and/or the level of cleanliness required.

[0042] The working gas (e.g. oxygen) used to form the plasma enters the chamber through
a flow-controlled vent (not shown). The nitrogen used for purging the vacuum furnace once

the evacuation step is complete enters through a separate vent (not shown).

[0043] The invention will now be described with reference to the example, which is not

intended to be limiting.

Example

[0044] A purpose built vacuum furnace per the invention was assembled. The vacuum
furnace comprised a 300 litre vacuum chamber [Termobit™], turbomolecular pump
[Edwards™ Plasma Purifier 300 Twin], plasma generator, and a temperature control

system.

[0045] In a clean room, the previously unused rotors and stators of four Edwards™
nEXT™ turbomolecular pumps were cleaned using CHEMACID 5000; USF3 to remove

dust, cutting agents and other surface contamination.

[0046] The components of two of the turbomolecular pumps were then placed inside the
vacuum furnace. The chamber was sealed and evacuated to 10E-6 mbar to remove the air
from the chamber. The chamber was then filled with working gas (oxygen) to a pressure of
0.5 mbar and the sample was plasma cleaned at a flow rate of 10 sscm for 30 minutes at an
elevated temperature of 80 °C with the plasma generator set to a frequency of 35 kHz and

3kW of power.
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[0047] Following the plasma cleaning, the chamber was evacuated to 1E-06 mbar to
remove the working gas. Once the chamber was so evacuated, the sample was cooled and
nitrogen was introduced into the chamber before the temperature of the chamber dropped
below about 50°C. When the chamber was at atmospheric pressure and room temperature,

the vacuum chamber was opened and the clean components removed.

[0048] Edwards™ nEXT™ Turbomolecular pumps were then assembled: some with
plasma cleaned components, others with untreated components. All were connected to

separate vacuum chambers that were leak-tight to 10E-8mbar.

[0049] Of the turbomolecular pumps, two (one plasma cleaned, one untreated) were then
each connected to a separate gas-chromatographer/mass-spectrometer (GCMS) [2010 Plus
and 2010 Ultra] and the remaining two were each connected to separate residual gas
analysers (RGA) [Hiden Analytical HAL201]. The turbomolecular pumps were then
initiated and an ultra-high vacuum of 10E-8mbar obtained. The GCMS and RGA monitored
the output of the pumps as they degassed.

[0050] As shown in Fig. 3, which shows the RGA results, in the case of the plasma cleaned
turbomolecular pump, the peak for AMUSS5 (C4H7) reached the minimum detection limit
of the apparatus (i.e. 1.00E-14 Torr) in less than 2 hours, whereas the untreated apparatus

took approximately 18 hours.

[0051] Likewise, as shown in Fig. 4, the plasma cleaned turbomolecular pump was
sufficiently clean for use in mass-spectrometry after approximately 4 hours, whereas the

untreated pump took about 48 hours of hot running to be similarly clean.

[0052] More than 30 vacuum assemblies were back to back tested to confirm the results.
All plasma cleaned vacuum assemblies had highly reduced outgassing time compared to

standard untreated assemblies.
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[0053] It will be appreciated that various modifications may be made to the embodiments
shown without departing from the spirit and scope of the invention as defined by the

accompanying claims as interpreted under patent law.
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What is claimed:

1. A method for cleaning a component for use in an ultra-high vacuum, the method
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comprising the steps of:

a) placing the component to be cleaned in a vacuum furnace chamber;

b) plasma cleaning the component at a temperature greater than about 80 °C, preferably
from about 80 °C to about 125 °C; and

c) evacuating the vacuum furnace chamber to a pressure of less than about 10E-5

mbar, preferably less than about 10E-06 mbar.

. The method according to claim 1, further comprising the step of evacuating the vacuum

furnace chamber to a pressure of less than about 10E-5 mbar, preferably less than about

10E-6 mbar, after step a) but before step b).

. The method according to claim 1 or claim 2, further comprising the step of repeating

steps b) to c), preferably from about 2 to about 12 times.

. The method according to any one of claims 1 to 3 wherein the gas for forming the

plasma is selected from the group consisting of oxygen, air, nitrogen, helium and argon.

. The method according to claim 4 wherein the gas is oxygen.

. The method according to any preceding claim wherein the gas for forming the plasma

is introduced to a pressure of from about 0.1E+00mbar to about 1E+00mbar, and/or at

flow rate of less than about 50 sccm, preferably from about 5 sccm to about 20 sccm.

. The method according to any preceding claim wherein the vacuum furnace chamber

has a volume of greater than 200 litres, preferably from about 200 litres to about 1000

litres, preferably from about 250 litres to about 350 litres.

. The method according to any preceding claim wherein following step c) the component

is cooled and nitrogen is introduced into the vacuum furnace chamber.
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11.

12.

13.

14.

15.

-14 -

The method according to any preceding claim wherein a plasma generator is used with
a voltage frequency typically of from about 20 kHz to about 40 kHz, preferably about
35 kHz.

The method according to any preceding claim wherein step b) lasts less than about 1
hour, preferably less than about 45 minutes, more preferably from about 15 minutes to

about 35 minutes, for instance 30 minutes.

The method according to claim any preceding claim wherein the cleaning method lasts
less than about 1 hour, preferably less than about 45 minutes, more preferably from

about 15 minutes to about 40 minutes.

The method according to any one of claims 1 to 10 wherein step c) lasts more than

about one hour, preferably from about 2 to about 4 hours.

The method according to any preceding claim wherein the component is cleaned with

a solvent before it is placed in the vacuum furnace chamber.

A vacuum furnace for cleaning a component for use in an ultra-high vacuum, the
vacuum furnace comprising a vacuum furnace chamber, a vacuum pump configured to
maintain a pressure of less than about 10E-5 mbar, preferably less than about 10E-6
mbar, in said vacuum furnace chamber, and a plasma generator, and wherein the
vacuum furnace is configured to maintain the component to be cleaned at a temperature
of greater than about 80°C, preferably from about 80°C to about 125°C, whilst exposing

the component to a plasma.

The vacuum furnace according to claim 14 wherein the vacuum furnace chamber
contains an oxygen, air, nitrogen, helium or argon plasma, preferably an oxygen

plasma.
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17.

18.

19.

20.

21.

22,

23.

24,

-15 -

The vacuum furnace according to claim 14 or 15 wherein the vacuum furnace chamber
has a volume of greater than 200 litres, preferably from about 200 litres to about 1000

litres, preferably from about 250 litres to about 350 litres.
A kit for assembling into a vacuum pump, the kit comprising a plurality of
unassembled unused vacuum pump components wherein one or more of said

components has been cleaned according to a method according to claims 1 to 13.

Use of a plasma to clean a component of a vacuum in a vacuum furnace at a

temperature of greater than about 80°C , preferably from about 80 °C to about 125°C..

The use according to claim 18 wherein the plasma is an oxygen plasma.

An ultra-high vacuum assembly wherein upon its first use the assembly’s ultimate

pressure is achieved in less than 48 hours.

The assembly of claim 20 wherein the assembly has an ultimate pressure of from about

10E-7 mbar to about 10E-11 mbar.

An ultra-high vacuum assembly wherein upon its first use the partial pressure of C4H7

is less than 1.00E-11 Torr after less than 30 minutes.

An ultra-high vacuum pump according to claim 22 wherein upon its first use the partial

pressure of C4H7 at 2 hours is less than about 1.00E-12 Torr.

An ultra-high vacuum pump wherein upon its first use the partial pressure of C4H7 at

4 hours is less than about 1.00E-13 Torr, preferably 1.00E-14 Torr or less.



